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(54) DATA PROCESSING METHOD AND SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively provide data 
processing method and system of high speed and high 
performance by simple constitution without reducing 
performance and using an expensive dual port RAM. 
SOLUTION: A main CPU 1 activates a bus right request 
signal in order to request the right of a system bus 4 to a 
sub-CPU 2, which activates a bus right request acknowledge 
signal in order to inform the main CPU 1 that the right of the 
bus 4 is released to an external device at the end of 
processing. A bus switching circuit 8 is provided which 
alternatively switches the disconnection and connection of 
the bus 4 between the main CPU 1 and the sub-CPU 2 by 
using the states of the bus right request signal and the bus 
right request acknowledge signal. 
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[Scope of Claims for Patent] 

[Claim 1] A data processing method for processing data in a data 
processing system in which main and sub two CPUs (Central Processing Unit) 
commonly use one memory, the method comprising: 
5 a first signal state switching step of switching a state of a bus right 

request signal with which the main CPU requests a right of a sub-system bus; 

a second signal state switching step of switching a state of a bus right 
request acknowledge signal which informs the main CPU that the right of the 
bus is released to an external device at the end of a process by the sub CPU; 
10 and 

a bus switching step of alternatively switching disconnection and 
connection between a main system bus and the sub-system bus based on the 
states of the bus right request signal and the bus right request acknowledge 
signal. 

15 [Claim 2] The data processing method according to claim 1, wherein, at 
the bus switching step, only when both the bus right request signal and the bus 
right request acknowledge signal are effective, the main system bus is 
connected with the sub-system bus. 

[Claim 3] The data processing method according to claim 1, wherein, at 
20 the bus switching step, only when all the bus right request signal, the bus right 
request acknowledge signal, and the a CS signal at the main CPU are effective, 
the main system bus is connected with the sub-system bus. 
[Claim 4] The data processing method according to claim 1, 2 or 3, 
wherein the bus switching step is executed by a three-state bidirectional buffer 
25 of TTL (Transistor-Transistor Logic). 
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[Claim 5] The data processing method according to claim 1, 2 or 3, 
wherein the bus switching step is executed by a three-state buffer of TTL 
(Transistor-Transistor Logic). 

[Claim 6] The data processing method according to claim 4 or 5, wherein 

5 the TTL is a CMOS (Complementary Metal-Oxide-Semiconductor) logic. 
[Claim 7] A data processing system in which main and sub two CPUs 
(Central Processing Unit) commonly use one memory, the system comprising: 
a first signal state switching unit which switches a state of a bus right 
request signal with which the main CPU requests a right of a sub-system bus; 
10 a second signal state switching unit which switches a state of a bus 

right request acknowledge signal which informs the main CPU that the right of 
the bus is released to an external device at the end of a process by the sub 
CPU; and 

a bus switching unit which alternatively switches disconnection and 
15 connection between a main system bus and the sub-system bus based on the 
states of the bus right request signal and the bus right request acknowledge 
signal. 

[Claim 8] The data processing system according to claim 7, wherein, 
only when both the bus right request signal and the bus right request 
20 acknowledge signal are effective, the bus switching unit connects the main 
system bus with the sub-system bus. 

[Claim 9] The data processing system according to claim 7, wherein, 
when all the bus right request signal, the bus right request acknowledge signal, 
and a CS signal at the main CPU are effective, the bus switching unit connects 
25 the main system bus with the sub-system bus. 
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[Claim 10] The data processing system according to claim 7, 8 or 9, 
wherein the bus switching unit is composed of a three-state bidirectional buffer 
of TTL (Transistor-Transistor Logic). 

[Claim 11] The data processing system according to claim 7, 8 or 9, 
5 wherein the bus switching unit is composed of a three-state buffer of TTL 
(Transistor-Transistor Logic). 

[Claim 12] The data processing system according to claim 10 or 11, 
wherein the TTL is a CMOS (Complementary Metal-Oxide-Semiconductor) 
logic. 



[0002] 

[Prior Art] When a new data processing function is added to a CPU in a 
currently existing system as an example of the first prior art, the new 

15 processing function weighs on the current CPU, thereby greatly deteriorating 
the performance. In this case, the current CPU is replaced by a high 
performance CPU, so that a system to which the new processing function is 
added is structured without deteriorating the performance. 
[0003] When a high speed and high performance system is originally 

20 structured as an example of the second prior art, a plurality of CPUs are 

mounted and the CPUs can commonly use a memory, thereby heightening the 
process. A dual-port RAM (Random Access Memory) is connected between 
the memory which is commonly used for the CPUs and system buses of the 
CPUs, and writing and reading are carried out from the CPUs to the dual-port 

25 RAMs, so that the high speed and high performance system is structured 
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simply. 
[0004] 

[Problems to be Solved by the Invention] In the example of the first prior 
art, however, the system can be structured simply, but all programs of software 
5 should be changed according to new CPUs, the schedule is extended greatly, 
thereby greatly delaying introduction of products in the market. 
[0005] In the example of the second prior art, since a dual-port memory 
having large memory capacity does not exist, a plurality of dual-port memories 
should be used in order to structure a large-capacity system, thereby greatly 
1 0 increasing the cost. 

[0006] The present invention has been achieved with a view of the problems 
of the prior arts, and its object is to provide inexpensive high speed and high 
performance data processing method and system with a simple structure 
without deteriorating a performance and using an expensive dual-port RAM. 



[0020] Fig. 1 is a block diagram that shows a structure of a data processing 
system (Dual-CPU system) according to one embodiment of the present 
invention. In the drawing, 1 denotes a main CPU (Central Processing Unit), 2 

20 denotes a sub CPU, 3 denotes an SRAM (Static Random Access Memory), 4 
denotes a system bus (access signals to external devices such as address bus, 
data bus, read/write device, chip select device, data strobe device), 5 denotes 
a gate array, 6 denotes a DRAM (Dynamic Random Access Memory), 7 
denotes a ROM (Read-Only Memory), and 8 denotes a bus switching circuit 

25 (bus switching unit). 
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[0021] The devices such as main CPU 1 , the gate array 5, the DRAM 6 and 
the ROM 7 are connected with each other directly by the system bus 4, and 
connected also with the sub CPU 2 and the RAM 3 via the bus switching circuit 
8. 

5 [0022] The data processing system having such a structure allows the sub 
CPU 2 to execute a process which cannot be executed by the main CPU 1 or a 
troublesome process, and during this, the main CPU 1 can execute another 
process. 

[0023] A flow of data expansion in the data processing system having the 

10 structure shown in Fig. 1 is explained with reference to Figs. 2 to 7. 

[0024] Fig. 2 is a flowchart of an operation for writing a command sent from a 
PC (personal Computer) into the SRAM 3 using the main CPU 1 or the gate 
array 5 in order to allow the sub CPU 2 to execute a process because an 
expansion process of the command takes a lot of time on the main CPU 1. 

15 Access to the SRAM 3 may be executed directly by the main CPU 1 , or when a 
terminal or the like is not sufficient, the control of the SRAM 3 may be accessed 
by an ASIC (Application Specific Integrated Circuit) such as the gate array 5. 
[0025] After the command is written into the SRAM 3, both a bus right request 
signal (BREQ* signal), which is for requesting a right of the system bus 

20 between the main CPU 1 and the sub CPU 2 and a bus right request 

acknowledge signal (BACK* signal), which is for informing the main CPU 1 that 
the right of the system bus is released to the external device at the end of a 
process by the sub CPU 2 are set into a nonactive state so that the system bus 
4 is disconnected. Subsequently, the right of the system bus 4 is released to 

25 the sub CPU 2. 
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[0026] The system bus 4 is released when the BACK* signal or the BREQ* 
signal is nonactive. 

[0027] At the same time when the bus right request signal (BREQ* signal) is 
nonactive, the bus switching circuit 8 disconnects the system bus 4 from the 
5 main and sub CPUs. This operation is shown in Fig. 3. 

[0028] After the system bus 4 is disconnected, the sub CPU 2 executes the 
expansion process of the command written into the SRAM 3. This operation 
is shown in Fig. 4. 

[0029] During this process, the main CPU 1 can execute another process 

10 because it is disconnected form the system bus 4. 

[0030] When the expansion process of the command in the SRAM 3 by the 
sub CPU 2 is ended, the sub CPU 2 transmits a command expansion process 
end signal that shows the command expansion process is ended to the main 
CPU 1 . This operation is shown in Fig. 5. 

15 [0031] When the main CPU 1 receives the command expansion process end 
signal, the main CPU 1 is again connected with the system bus 4 by the bus 
switching circuit 8 so as to set the bus right request signal (BREQ* signal) into 
an active state, and the sub CPU 2 sets the bus right request acknowledge 
signal (BACK* signal) to active. This operation is shown in Fig. 6. 

20 [0032] It is not necessary to connect the system bus 4 with the main CPU 1 
immediately after the command expansion process end signal is input into the 
main CPU 1. 

[0033] When both the bus right request signal (BREQ* signal) and the bus 
right request acknowledge signal (BACK* signal) are active, the bus switching 
25 circuit 8 connects the system bus 4 with the devices. The main CPU 1 or the 
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gate array 5 transmits the data in the SRAM 3 to the DRAM 6, and thus a 
series of the operation is completed. This operation is shown in Fig. 7. 
[0034] Fig. 8 is a block diagram that shows a circuit configuration of the data 
processing system shown in Fig. 1 , and in Fig. 8, the same parts as those in 
5 Fig. 1 are designated by the same reference numbers. 

[0035] In Fig. 8, 9a and 9b are data buses (system buses), 10a and 10b are 
address buses (system buses), 11a and 11b are R (read)/w (write) signals 
(system buses), 12a and 12b are CS* signals (chip select, system bus), 13a 
and 13b are UDS* signals (data strobe, system bus), 14a and 14b are LDS* 

10 signals (data strobe, system bus), 15 is an LS04 (inverter of TTL), 16 is an 
LS32 (OR circuit of TTL), 17 is a port (end) signal, 18 is the bus right request 
signal (BREQ* signal), 19 is the bus right request acknowledge signal (BREQ* 
signal), 20 is an LS32 (OR circuit of TTL), 21 is an LS32 (OR circuit of TTL), 22 
is an LS245 (three-state bidirectional buffer of TTL), and 23 is an LS244 

1 5 (three-state buffer of TTL). 

[0036] In Fig. 8, the main CPU 1 writes the command which is received from 
an external interface into the SRAM 3, and the system bus 4 is disconnected 
from the main CPU 1 and the sub CPU 2. The sub CPU 2 executes the 
expansion process of the command written into the SRAM 3, and when the 

20 expansion process is ended, the sub CPU 2 transmits the command expansion 
process end signal 17 to the main CPU 1 so that the system bus 4 is again 
connected with them. The main CPU 1 reads data expanded in the SRAM 3. 
[0037] The SRAM 3 used in this circuit has 4 Mbits (256 K x 16 bit), the data 
bus has 16 bits, and the address bus has 18 bits. The bus right request signal 

25 (BREQ* signal) 18 and the bus right request acknowledge signal (BACK* 



signal) 19 are connected with a BREQ* terminal and a BACK* terminal of the 
sub CPU 2, respectively, and the main CPU 1 is connected with an I/O 
(Input/output) port. Both the bus right request signal (BREQ* signal) 18 and 
the bus right request acknowledge signal (BACK* signal) 19 are pulled up so 
5 as to be set to nonactive in a high impedance state such as on restting. 

[0038] When the bus right request signal (BREQ* signal) 1 8 output from the 
port of the main CPU 1 becomes active and is input into the sub CPU 2, the 
sub CPU 2 sets all outputs from the system buses (9a, 10b, 11b, 12b, 13b, and 
14b) to high impedance and sets the bus right request acknowledge signal 
10 (BACK* signal) 19 to active so as to output it to the main CPU 1. In such a 
manner, the system bus is connected. 

[0039] The bus switching circuit which switches the system bus between 
release and connection includes "LS244: (three-state buffer of TTL) M 23 and 
"LS245: (three-state bidirectional buffer of TTL)" 22. 

15 [0040] A terminal and B terminal as input terminals of "LS244" 23 are 

connected with the system bus on the main CPU 1, and YA terminal and YB 
terminal as output terminals are connected with the system bus on the sub 
CPU 2. Levels of ENABLE A terminal and ENABLE B terminal as bus 
switching signals are determined by an output signal from "LS32: (OR circuit of 

20 TTL)" 20. The "LS32" 20 is an OR output of the bus right request signal 
(BREQ* signal) 18 and the bus right request acknowledge signal (BACK* 
signal) 19. When both the bus right request signal (BREQ* signal) 18 and the 
bus right request acknowledge signal (BACK* signal) 19 are active, namely, 
the main CPU 1 writes the command into the SRAM 3, the bus right request 

25 signal (BREQ* signal) 18 is set to active (low level). Only when the sub CPU 
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2 sets the bus right request acknowledge signal (BACK* signal) 19 to active 
(low level), the output of "LS32" 20 becomes active (low level). 
[0041] Only when the output of the "LS32" 20 is active, the system bus is 
connected with the main CPU 1 and the sub CPU 2, and the main CPU 1 can 
5 write the command into the SRAM 3. 

[0042] The switching by the bus switching circuit uses OR of the bus right 
request signal (BREQ* signal) 18 and the bus right request acknowledge signal 
(BACK* signal) 19 in order to obtain a safe circuit configuration where the 
system buss on the main CPU 1 and on the sub CPU 2 do not collide against 
10 each other. 

[0043] After the bus right request signal (BREQ* signal) 18 is active, and 
before the bus right request acknowledge signal (BACK* signal) 19 is active, 
the system bus of the sub CPU 2 has high impedance. For this reason, even 
if the sub CPU 2 outputs the bus right request acknowledge signal (BACK * 

15 signal) 19 in the active state and a signal is sent from the main CPU 1 to the 
sub CPU 2, the system buses do not collide against each other. At the time 
when the bus right request signal (BREQ* signal) 18 becomes nonactive, 
namely, at the stage before the bus right request acknowledge signal (BACK* 
signal) 19 becomes nonactive, the system bus is disconnected from the main 

20 CPU 1 and the sub CPU 2, thereby obtaining a circuit where the signals do not 
collide. 

[0044] Fig. 9 is a timing chart that shows switching timing of the bus switching 
circuit. 

[0045] The data buses 9a and 9b in the circuit are bidirectional signals, and 
25 are switched by using the "LS245" 22. The A terminal of the "LS245" 22 is 



connected with the system bus on the main CPU 1 , and the B terminal is 
connected with the system bus on the sub CPU 2. A level of a G terminal as 
the bus switching signal is determined by an output signal of the "LS32" 21. 
The "LS32" 21 is an OR output of the bus right request signal (BREQ* signal) 
5 18 and the bus right request acknowledge signal (BACK* signal) 19, and an 
OR output of the CS* signal 12a. When all the bus right request signal 
(BREQ* signal) 18, the bus right request acknowledge signal (BACK* signal) 
19, and the CS* signal 12a are active, namely, when the main CPU 1 writes or 
reads the command into or from the SRAM 3 and only the CS* signal 11a 
10 output from the main CPU 1 is active, the output of the "LS32" 21 becomes 
active (low level). 

[0046] Only when the output of the "LS32" 21 is active, the data bus 9a and 
the data bus 9b as the bidirectional buses are connected, so that the main 
CPU 1 can read/write the command from/into the SRAM 3. 

1 5 [0047] In this embodiment, the switching signal of the system bus of the 

"LS245" 22 uses the "LS32" 21 for safety of the bus switching circuit, but in the 
configuration where no collision of the system buses occurs, the "LS32" 20 
may switches the system bus between connection and disconnection. 
[0048] Similarly, the M LS244 H 23 may be switched by using the "LS32" 21 . 

20 [0049] A level of an I/O switching terminal DIR of the M LS245" 22 is 

determined by an output signal of the "LS32" 16. The "LS32" 16 outputs OR 
of a signal obtained in such a manner a R (read)/W (write) signal 11a as the 
output signal from the main CPU 1 is input into the "LS04: (inverter of TTL) M 15 
and is inverted so as to be active when the R/W signal 11a is read, and the CS* 

25 signal 12a. When both the signals are active (low level), the switching 
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terminal DIR becomes low level, and the signal at the sub CPU 2 flows to the 
main CPU 1 . That is to say, only when the main CPU 1 reads the data in the 
SRAM 3, the switching terminal DIR becomes low level. 
[0050] Needless to say, the TTL logic used in the circuit explained in Fig. 8 
5 may be a CMOS (Complementary Metal-Oxide-Semiconductor) logic or an 
equivalent logic. 

[0051] The present invention is not limited only to products in which the bus 
right request signal and the bus right request acknowledge signal which are 
called as the BREQ* signal and the BACK* signal. 
10 [0052] According to the circuit configuration, the data processing system 
according to the embodiment shown in Fig. 1 can be structured. 
[0053] 

[Effects due to the Invention] As detailed above, according to the present 
invention, the high speed and high performance data processing method and 
15 system with a simple structure can be provided at low price without 
deteriorating the performance and using an expensive dual-port RAM. 
[Brief Description of the Drawings] 

[FIG. 1] Fig 1 is a block diagram that shows a structure of a data processing 
system according to one embodiment of the present invention. 

20 [FIG. 2] Fig. 2 is a flowchart of data expansion in the data processing system 
according to one embodiment of the present invention. 
[FIG. 3] Fig. 3 is a flowchart of the data expansion in the data processing 
system according to one embodiment of the present invention. 
[FIG. 4] Fig. 4 is a flowchart of the data expansion in the data processing 

25 system according to one embodiment of the present invention. 
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[FIG. 5] Fig. 5 is a flowchart of the data expansion in the data processing 

system according to one embodiment of the present invention. 

[FIG. 6] Fig. 6 is a flowchart of the data expansion in the data processing 

system according to one embodiment of the present invention. 
5 [FIG. 7] Fig. 7 is a flowchart of the data expansion in the data processing 

system according to one embodiment of the present invention. 

[FIG. 8] Fig. 8 is a block diagram that shows a circuit diagram of the data 

processing system according to one embodiment of the present invention. 

[FIG. 9] Fig. 9 is a timing chart that shows switching timing of a bus switching 
10 circuit in the data processing system according to one embodiment of the 

present invention. 

[Description of Signs] 

1: main CPU 

2: sub CPU 
15 3: SRAM 

4: system bus 

5: gate array 

6: DRAM 

7: ROM 
20 8: bus switching circuit 

9a: data bus (system bus) 

9b: data bus (system bus) 

10a: address bus (system bus) 

10b: address bus (system bus) 
25 11a: R (read)AA/ (write) signal (system bus) 
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11b: R (read)/W (write) signal (system bus) 
12a: CS* signal (chip select, system bus) 
12b: CS* signal (chip select, system bus) 
13a: UDS* signal (data strobe, system bus) 
13b: USD* signal (data strobe, system bus) 
14a: LDS* signal (data strobe, system bus) 
14b: LDS* signal (data strobe, system bus) 
15: LS04 (inverter of TTL) 
16: LS32 (OR circuit of TTL) 
17: port (end) signal 

18: bus right request signal (BREQ* signal) 

19: bus right request acknowledge signal (BACK* signal) 

20: LS32 (OR circuit of TTL) 

21 : LS32 (OR circuit of TTL) 

22: LS245 (three-state bidirectional buffer) 

23: LS244 (three-state buffer of TTL) 
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FIG. 1 

1: MAIN CPU 
5: GATE ARRAY 
2: SUB CPU 

5 

FIG. 2 

1: MAIN CPU 
5: GATE ARRAY 
2: SUB CPU 

10 

FIG. 3 

1: MAIN CPU 
5: GATE ARRAY 
BUS RELEASE 
15 2: SUB CPU 

FIG. 4 

1: MAIN CPU 
5: GATE ARRAY 
20 2: SUB CPU 

FIG. 5 

1: MAIN CPU 
5: GATE ARRAY 
25 (D EXPANSION END 



2: SUB CPU 



FIG. 6 

1: MAIN CPU 
5 5: GATE ARRAY 
® BUS CONNECTED 
2: SUB CPU 

FIG. 7 
10 1: MAIN CPU 

5: GATE ARRAY 
2: SUB CPU 

FIG. 8 
15 1: MAIN CPU 
2: SUB CPU 
0 Port (END SIGNAL) 

FIG. 9 

20 <P INPUT/OUTPUT SIGNAL ON THE SUB CPU 
Q ON RESETTING 

(| MAIN CPU PERFORMS NORMAL OPERATION AND IS TRANSMITTING 

COMMAND TO SRAM 
<$ SUB CPU IS EXECUTING EXPANSION AND MAIN CPU PERFORMS 
25 NORMAL OPERATION (EXCEPT FOR SRAM) 
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© MAIN CPU IS TRANSMITTING DATA TO DRAM, MAIN CPU PERFORMS 
NORMAL OPERATIONS AND IS TRANSMITTING COMMAND TO SRAM 

© SUB CPU IS EXECUTING EXPANSION AND MAIN CPU PERFORMS 
NORMAL OPERATION (EXCEPT FOR SRAM) 

5 

(0) END SIGNAL (out) 

(D BUS DISCONNECTED 
(D BUS CONNECTED 
10(® BUS DISCONNECTED 
© BUS CONNECTED 
© BUS DISCONNECTED 

® CONDITION OF BUS DISCONNECTION 
15© BUS 

© CONNECTED 
<© DISCONNECTED 
<& DISCONNECTED 
<g) DISCONNECTED 
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P o r t -RAM^f#M, it^dt}L£?T9 ^ tlc£ 

[0 0 0 4] 

C P uwftilc^ M 14 itWii f)f , BSO*B48 

[0 0 0 5] Sfc, ±3tLfc*2!S3fcffil^fco'rtt, ^ 
y ffO±#4D ua 1— Port— Memory 

A£#/£i-3fc«>U:«t, «$C<7)Du a 1 - P o r t -M 
emo r ySrffl^4lttltf4?)f, L^t^ft^^h 

[0006] *&mte±mvtiV£*<D&ffi<DGirz>-<D 

J: 5 4HB^I-K*t 4 Sixfc fc ^"Ck 9 , W£ 
t5i:5lt A°7t-vy^^it:t4<> 4 

/c, HI4D u a l - P o r t -RAM^ffflf^: £ 
[0 0 0 7] 

<D 2OC0C PU (Central Processin 
g Unit: ^MSISg) tf* 1 oc7}^ y &&#1r 

5il^)fS^tti«flSi:, i^fiiJ^CPU^teaa* 
fcriS:|[E^>f^CPUl:aftt6^iI*7 

[0 0 0 8] *fc, ±EBW«r**i-Sfc»KB|*3jl2 
fcffiE^xflBMST*/ y ^^Iff^^ctM^ 

Sr»«t 5 J; 5 9 *x. 5 ^ t 1 5 8 

[0 0 0 9] ±ES»Sr*fi8"*"Sfc«>^l***3 



(3) 2000-285090 

EWo^-^jaa^fett, tt#*iE«^-#*a* 

£iWE'<*tiif#T* / y y i?m^Rxfffim* J >m<o 
CPUWCSfS^T^taii*^ mjfe>^>«(7) 

5 fcttJ 5 #*. 5 <t Sr«M* i: -T 6 0 
[0 0 10] £fc, ±EBWS:^i"5fc*!)[c»*iB4 
EiOf-^jai^Sli, 2 *rt:te3E*fc<£> 

^-^fea^ifcl-^T, ltfrE'<*iJU#XgW:, TTL 
70 (Transistor— Transistor Lo 
g i c : h^Vv^^ • h^^v^^i&aiElSg) 

[OOllJ tfc, ±EaWSr^-rS^i6^S**3l5 
E*^-r — ^ftia^fefi, f»#Jgi, 2*fcli3E*M> 
X-^fflfa*&*C*5V^T, lfflE'<*SJ#XgM:, TTL 

(Transistor— Transistor Lo 
g i c) <D3*T—hs<y7r^£K>fto^k%¥fmt 

20 [0 0 12] ±fc, _bfrIS^4:it^-r^fc^{c!S*3l6 
Ett<^-**&a*aH*, »#*44fc»5Bt^- 
^a^ffi^^T, fuETTLte, CMOS (Com 
plementary Metal— Oxide — Se 
miconductor: ftMS&JRBMtBM***) P 

[0 0 13] Sfc, ±EBW***-r5fc»*C»*«7 

CDC P U (Central Processing U 

nit: tp&mmmw.) ^lo^^y sr^w-rs^- 

P U # , -y- ^fiij ^ tea*: I* T Lfc jfe T* ml E' < * ^ MifiJ 
^gp-r^ x izmtik Lfc r. t £ituE^ >r >ffloc p u 

*S*2^«#«»«J##aSrfll*., ffiE'<**!?#« 
[0 0 14] ±EBWS:**"r5*:*^»**8 

■*flr*iiWE^*»*r^y y 

[0 0 15] ifc % ±EBW4:*fiKi-Sfc«>*ct»*Jl9 

e*o^— ^M-a^^-Mi, m#«7e*&<7>x— 

50 a^^A^jsv^T, HfrE'**l50##&te. mlE/^^lt 
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vfflijocpuoc s« ^^TAs^ra^^*, flutes 

[0 0 16] 4fc, ±1EaWt«*rSfc»*w»#q|i 
( 3:^ TTL (Trans i s tor— Trans i st 



Logic 



[0 0 17] ±IBBW*»fifcf 5fc«>K»#«l 

(3: , TTL (Trans i s tor— Trans i s t 
or Logic) (D3^"r— V'<y7 9 +Sf$c L 

[0018] ±taa«*»*+5fc*fcw#*i 

21E«cOt s? — ^M^rAit iMi OSfclJl l 
fEtt^r"— 9®M*s*TMZ.&\i^X^ iulETTLi*. C 20 
MOS (Complementary Metal— O 
xide— Semiconductor : fflffiSifeJRSSt 

[0 0 19] 

[0020] ig] i ^%m<o— MM&mWitz.mz'T— 

ZftM^T^J* (Dua C0#f 

CPU (4»*4&g3S«) , 2ttf^CPU (•t'^fclg 50 
g) , 3 fi S R AM (Static Random A 
c c e s s Memo r y : X ^ A y 9 V > ¥ ' $ 

9'<*. !)-K/7^h, 9-y7± K t*— h 

hT l/^f\ 6 iiDRAM (Dynamic Rando 
m Access Memory \ & *i ~}r y 9 *7 & 

^r^tx^^y) N 7^rom (y-K^-yy-^^e 

[0021] -t Lt, ^yCPUl, hTK 40 

5 N DR AM6^r/ROM7f(7)f^ X^^f^ 

yCPU2St/SRAM3^tiS^tltl/^o 
[0 0 2 2] I(Oj:9^M^T-^M^TXA(j: v 

I^tyCPU2TiTWt, W^^VCPU lfii] 

[0023] m\\^\^tz.mj&<o?—?fa^i/<r*j*\z. 

So 50 



[ 0 0 2 4 ] El 2 PC (Personal Com 
p u t e r : V -?vU =i > tfa — 9 ) rt^jg S?*tfc 

<£>T\ i^^c pu 2«c^S£tt-t*:5fc£>, ^ycp 
UU itliy-h7W54rfflV^tSRAM3l:»S 
iitf»f^S:*Lfcia"e*>So SRAM3^7^i?7j 
Sfi, ^^yCPUl^trfTottS^l, S-?-^ 
J£f9^V^4&^«SRAM3^SiJfl¥S:y^ F7M 5^<D 
ASIC (Appl icat ion Spec i f ic 
Integrated Circuit: ^aeLE^I*] 

[0 0 2 5 ] SRAM3{:3vyK4:S§^of:g 
ft, ^VCPUUt7CPU2iWB^TA^ 

^^>ai*iJSrB*-rs«#-efcS^^«IS*:ft-» (BRE 
Q * {g -*§-) S tf* ^ C P U 2 ftij <D %imfr » T L tz tifj& "C 

^^vcpui ica*p-rsft^-e*>5^^*iK*r^ 
yy^^ff (BACK*(t^) £*^#T^x>r 
lt^f^U4W58U i^^CPU2(Cv-^x 

[0 0 2 6] ^7 t A^^4(OB>ttttBACK*«#4 

fcttBRE q *« ^y^r^f^ ^^P^-cfc 

-So 

[0 0 2 7 ] iWia'^tigsfcff # (BREQ^if^) 

[0 0 2 8 ] ^*^^*4tf^OT£;ftfc|&, t^CP 
U2liSRAM3(C7^ h ^tbfc^-e>-K 

[0 0 2 9] -t^W, ^-Y >CPU lfiijte. isX^J*'< 
* 4&®Wi&fiX\s^Z>(DX\ ^{(D^m^^n-t^^. kfc 

[0 0 3 0] t7'CPU2l:J:5SRAM3(Z)^vy K 
(Dmm^MtmTir^>k, ^^yCPUlC^vyKI 

[0 0 3 1 ] ^^fyCPUH^vy KliM^Hf 
-5§-£§:«-r3£:> tt*>f ^CPUlfiStf'<*ffl«iai& 

^*ff^ (BREQ*ff^) ^7^T^/(a, 
PU2h'<XtftW#Ti? S V yi/m^ (BACK*fS 

[0 0 3 2] (IL, ^^yCPUlCn-ey 

[0 0 3 3] BftlB^<^1t5*fff^- (BREQ*jf^) S 
^il#7^/!lr^fit (BACK*fSt) 



-4- 



7 

hTK 5^SRAM3(7)r-^^DRAM6(; 

est 5 r t c i o T-I^l^»Tt 5o zcnmit 

[0 0 3 4] 0 8(1, H 1 (C^i-X — 

[0 0 3 5] H8l:*5V^, 9a, 9bli7~^^ 
(v^xi^X) , 10a, lObliTK^^ (v- 
^T- , 11a, llbliR ( y - K) /W (5 

h) ff-^ (^7^^) , 12a, 12b (1C S * 
(f^tl/^ K ^TAAX) , 13 a, 13 
b(lUDS*ff-^ (f-^^hP-^ 
X) , 14a, 14bflLDS*ff# (f-^hn- 
7\ >-^T-iN/<^) , 15J1LS04 (TTLW^ 
— ^) , 1 6(iLS3 2 (TT L^OR IhIS§) , 17li 
port «&T) fl^ 1 8tt^^l*!l*«-^ (BRE 
Q*«#) , 19li/UftI*r^yr^ (BR 
EQ*ff-^) , 20liLS32 (TTLWORffl) , 
2U1LS32 (TT L(OOR[h18) , 22(iLS24 
5 (TTL^3^7-h^/^>77) , 2 3 (1 L S 
2 4 4 (TTL(D377-h^^77) T*fc£ 0 
[0 0 3 6] I8i:^^t, *1\ ^VCPUlW 
>># — 7 x. — Kfrh&tffyitL^^^ KSrS RAM 
3tC##iZ^. ^O^, ^yCPUl^f7"CPU2 
iOW^>*^'<*4£^0»rU t^CPU2t'SR 

mVMQMtfi»T-rZ>k, t^CPU2^^yCPUl 
*c = ^^KJBHI«!fa»TfS-»i 7£i£9, Stf^*^-* 
^*4£ig»c£-tf\ ^^ycPUl^sRAM3|:IBS 

xhz> 0 

[0 0 3 7] MT'Sffl S R AM 3 (1, 4M 

bit (256KXl6bit) Xfo "9 , 7*— ^^fl 
1 6 b i t , T K^^^fl 1 8 b i t -Cfc£ 0 
W#m^=r (BREQ*lf^) 1 8Rlt'<xmm#T * J 
yy^fi# (BACK* fa ^0 19(1, ^tl^tl^C 
PU2CQBREQ* agiF-Xt/B A C K * Sft^Mg&Be U 

^^yCPUliCfil/O (Affi^J) 

5o tit, '<*l#g#:ft# (BREQ*{f-^) 18S 

tf/<X«»*r^y!Jy^<lf (BACK*lf^) 19 

v i/^ytnco k £ fl#7 ^ t j Thefts J: 5 K-T 

[0 0 3 8] ;*-f VCPU 1<D#— hfabttit)£tlZ>s< 
^mm^im^ (BREQ*lf-^) 18^7^7^1:4 
ottyCPU2CA^$ii5^ !lfycPU2ll'> 
(9a, 10b, lib, 12b, 13b, 

i4b) (Dttiti^x^-f^ >tr— ^iat, 

*I#7^yyyy«f (BACK*fft) 19^7^ 
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t^^LT, ^yCPUiClilM^^^ao 
[0 0 3 9] i/XTJ*'<x<DmWcAxmtii<n9}*)&X.& 

fto/<*ty^m$&te. TLS 2 4 4: (TTL03^f 
-My7r) J 2 3, TLS245: (TTL<D3* 
T-bMjjfo'<y7T) J 2 2l:: c fcoT#f/££tL£ 0 

[0040] f L S 2 4 4 J 2 3^AMK'fc5A« 
-fS&U'B Smells >T >C PU 1 fllJ^v-^A^*^ 

70 PU2l^>X7A/^^it5o ^UT, ^*(£>#J 
<9#^ff-^-Cfc^)ENAB LEAffirMENABLE 
B^F-OU-^yMi, TLS32: (TTLcOORdl 
BS) J 2 0(OtilM^:J:oT^^ti^o r LS 

3 2J 2 0(1, ^<^mWMin^ (BREQ*ff^) 18 
ks<xm^T?/ y y^ft* (BACK*|f^) 19 
^OR^tH^-Cfc^, ^x4t^*{f-^ (BREQ*« 
^) 1 8t/^HI*7^7 y yv^lf^ (BACK*ff 
1 9«C7^7^7^^, ip^^^ycpui 

20 (BREQ*(f^) 18^7^7^f7'(n-U 

(CUT, t7 r CPU2V^«S*T^7ys/^ 
ff-^ (BACK*(t?-) 19^7^7^ (n-^ 
KLfc TlS3 2j 2 0 cotti^ilT^ t 

[004 1] ^U, f L S 3 2 J 20<Dtiit)&T? : ? 

a 7<Dk$(Dfy, >c pu i k-y-^c pu 2 kcom 

<n*s*TJ*'<*i£W$t&ti, ^^^cpui^sram 

[0 0 4 2] '<*«#l§IR0>«J «9 
30 (BREQ *im^) 18i^HB*7^yilyyflt 
(BACK*fff) 1 9<7)OR£/B^£<DJl, ^-f^C 
PU lftiJ^f-^C PU 2fti]C0->^7 t A/^^^W^L?iV^ 
Si4@***lct5fc6Tfc5 B 
[0 0 4 3] ^*|f S*ff * (BRE Q 18^ 

7^7^7*1:/^, '<xmm&T? j y ^v^i 

(BACK *{jf ^0 1 9^T^7^^(C45SuC 

7"c pu 2(0^7^^ft M^yt°-^y^C4 

otl^(?)T\ ^^«IS*T^ y y s/^f-i- (BACK 
1 9S:7^f ^^-em^LT, ^>CPU1 

<, *fc, /<X*t5#«-it- (BREQ*(|^) 18tf# 

(BACK*if^) 1 9^^T^^^< ^(C/^^mJ 
CD^tfgT\ ^ y C P U U tT'C P U 2 (DP|t'>77 

[0 0 4 4] 119(1, ^f@M?)t^N;y 

[0 0 4 5] *»7-^^^9a, 9b(l^ 

50 ^mt^Xh^O, r l S 2 4 5 J 2 2 Srffl^TSO 9 
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5 0 Z<D r L S 2 4 5 J 2 2 <DAffi^-M±* 4 >C PU 
lM<Di/XTM>'<X&&i9tL. BS?|:iW^CPU2 

{§-§*T*fc5G*^<7)U^/M3\ r L S 3 2 J 2 1(Dtti£) 
ft ^-^ctoT^r^^tt^). :^ ^LS32j 2 1 /< 
**H#{f-*§- (BREQ*{f-§-) 18i/^ttS*7^ 
/ y >y v^f-SI- (BACK*ff^-) 1 9 COO R <7)ft^ t , 
C S *{f 1 2 a (^OR^dJ^-Cfot) % >^<^ti»#fS-?- 
(BREQ*(f 1 8RXfs<*mm#T? J ]) y*J>\% 
% (BACK*ff^) 1 9&t>*C S *{f ^1 2 a tf^T 
TPTsCJcobZ. IP ^ ^ VCPU 1 ^SRAM3^ 

Kco^^r h*fci*y — w*eao^>fycpu 1 

^fflWSC s *{f-^i i *i£T tTj-Jcnk^nih. 
r L S 3 2 J 2 1 (OmfiftT 9 T 4 7 (u — ^ 

[0 0 4 6] -t It, TLS32J 21^)^^7^f 

-^^9bH*iJtl, ^yCPUl^SRAM 

[0 0 4 7] #*5, **Jfi^^lB"Ctt, r L S 2 4 5 j 

^ttW/"ci6 ^LS3 2j 2 1 £ffll^T^5#\ 
A^^XCD^f^ODS^^^^If^cT'feixtf Tl S 3 2J 2 

[0 0 4 8] TLS 2 4 4J 2 3 CD*2J 9 # 

*.fc r l s 3 2 j 2 i Srffli^rfTo-cfc 

[0 0 4 91 r L S 2 4 5 J 2 2 <£> Atitt^cD^] 

^fx.ffifDIRCO^Kl r L S 3 2 J 160ffiA 

ft -SHCcfc ot^^ii^o r l s 3 2 j i 6 a, * 
4 >c pu i (Dmiim^^R (y — k) /w h) 

If 1 1 a Sr Tl S 0 4 : (TTL^y^-^) J 1 
5(cA^LTR/Wlf^-l l afrV — FcDhZitTf'T 
^1:45 J: 9tc^te£^*:ff-^£, cs*fff i 2a 

C0<fc£, ^JD#X.ST-D I Rttn-U^/Milfc!^ -y-^ 
CPU2«^)flW>fyCPUl fi"J{C*Jx6 0 IP*^ 
^fycpui ^sram3(Dt- ^£ y — K-t"£»frfc. 

[0 0 5 0] ft**, H8-eRMLfc|iIK-CtefflU'rv^5 
TTLD^iy^lt CMOS (C o m p 1 e m e n t a 
ry Me ta 1— Ox i d e — Semi conduc 

tor: mffim&mmtm^mm ^^y^^tc^-ti 

t mm<v ui/y? Tf&fttffi ^ - 1 \*m b * -c t> taw 

[oosi] '<**w#flr*Rt*'<;* 

mm?&T? / y yv^f BREQ*ff^(/BAC 
[0 0 5 2] BULBHfiLfcJ: 5 4EIHHHrt*cJ:oT, HI 



/a 



20 



JO 



40 



[0 0 5 3] 

- P o r t - R AMMf5 KiS-eiasttfiB 

[affirm! *L/jrRw] 

inn ^w<D-mm<Dwm^mzT-?mmisx^ 

[i2] #¥£W<D-mM<DMM!<z&ZT~?{&m^x'T 

[i3] ^ 0^ oo - mm<DKm t c« 5 t-*- * > -T 
[B4] ^m<D~mm<Dwm^m^'r--^^m^^'r 

[16] ^^fo-^ioiicftsf-^tei^^f 

A *3 f 1 5 7 s - * S co g£ *i £ * i~ 13 Tfc 5 o 

nasi *mm<D—mMcoitmi<c& & ^ - * ^m^^ 

[El 9] ^w-^|gffi(:R57 ? -^«iI>'^r 



50 



1 
2 
3 
4 
5 
6 
7 
8 

9 a 
9 b 
10a 
1 0 b 
1 1 a 
*) 

lib 

*) 

12a 

12b 

13a 

*) 

13b 

*) 

14a 



^^fycpu 

t/CPU 
S R AM 




r (y- K) /w h) fi 



r (y-K) /w h) m-^ (^f^ 

U D S *ft^§- (t-^^Fd-^ v-^^^y^ 
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*) 

14b LDS*fff (f-nFa-7\ v^xA/* 
*) 

15 LS0 4 (TTL(O^W^^) 

16 LS32 (TTL^)ORM 

17 port mr) m -*§• 

1 8 y^jf g^ff-^ (BREQ*ff-^) 



[[11] 



From PC 



o 



SRAM 




A. 



DRAM 



ROM 
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72 



1 9 
*) 

2 0 
2 1 
2 2 

r) 

2 3 



L S 3 2 (TT LC0OR[H]5g) 
L S 3 2 (TT LcOORlnlSg) 
LS 2 4 5 (TTL<D3^f-W*^^7 

LS 2 4 4 (TTL(7)3Xf-h^5/77) 

[02] 



From PC 



C> ^-r>cpu <]=> 



SRAM 



DRAM 



ROM 



0 



[1219] 







^^cputfSHRff*. ><ocpus*»f^ p-^cpuafgraxfi*. 
au!jt-r>cpuii^»if^| a^=i^>K*sRAMt L&zx>i*f>cpua»»tt 

(SRAM*Bt<) ! IEa+ r (SRAM€r«<) 






1 1 


| 


1 1 
1 1 




1 i 








J 1 


« 




1 


1 i I 








4^ 1 

J, /t*«IS 











RESET 

On) 

BREQ * 



BACK* 



© 



(out) 



BREQ* 



'H' 
'H* 



BACK* 
'L' 



'H 1 



"BB8F 

taw 
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A. 



>>t>cpu 



-id- 



SRAM 



[123] 









DRAM 




7 










§ 


ROM 




2 


BREQ* 




BACK* 





[14] 



From PC , 



£> *-f>CPU 



SRAM 



DRAM 



ROM 



ut=L 



[HS] 



X 4 . 

SRAM K=> 



DRAM 



ROM 




9*- h7K 



SRAM 



[HI 6] 



<3 



a0 

7, 

m 



DRAM 



£> ROM 



BREQ* 



BACK* 



1*;A:pu 
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[17] 



[i8] 



c=c> 



SRAM < > 



C> DRAM 



ROM 




(72)*w# mm mm Qimw% xm 

F 5B045 BB14 BB36 EE07 

5B060 KA02 KA04 MB01 
5B061 FF01 FF23 GG13 RR02 RR03 
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